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AN EXPLOSIVELY DRIVEN, FAST SHOCK TUBE"

T. H. Tan and S. Marsh

Los Alamos National Laboratory, (Group M-6. M3 J970, Los Alamos, NM 87545 USA

A simple, cylindrically configured fast shock tube (FST) has been employed asx a tool to investigate the
hydrodynamiics of plate drive under a very high impulse-loading condition. The shock tube has a high-
explosive outer shell and a low-density foam core. The implosion produces a well-defined Mach disk that is
then subsequently used to drive a metallic plate. A thin stainless steel (S8) plate has been successfully launched
to 9 km/s with this device. The experimental results from the study of material flow will be presenied and
compared with numerical calculation. Various interesting measurement techniques wiil also be discussed.

Keyworlds: Intense dynamic loading

1. INTRODUCTION

Explosively driven, evlindricauy impioding F37s
can be configured to produce gas pressute at ievels
well above those achievable with planar high-explosive
(HE) systems (1,20 Potentially, such device can ac-
celerate plates to velocities much higher than those
possible with light gas guns, and thus can be very valu-
able for studying equations of state, material property,
and impact phenomena ™ higher pressure regime. Qur
carlier attempts to accelerate thin plates with the FST
have resulted in premature breakup due to wevere ra-
dial velocity, density, and pressure gradients (3), We
have succeeded in mitigating some of these problemns
4!, and results from more recent work will Le diseussed

bolow,

2. FANT SHOCK 'TUDE

A simple FST iy illustrated in Fig, Ta, It is mide
up of a hollow outer HE cylinder and Lilled styrofoam
core, ‘The HE it single point ignited at the left end
with ¢ plane wave lens. Due 1o the phased implo
sion, the inner HE wall converges radially and acts
as n peristaltic punp to push foam to the right. The
sibyequent dynamics are readily underatond via the
physics of ateady-stote nozzle How [5,6). A Mach disk
i generated in the foam cote an the oblique shock in

Letsen Uy the reflection from the axis. The axial shock

“Ihin work was wuppotted by the US Departiment ol
Fnergy.

front continues to develop as the HE burn continues.
In a properly designed system, the Mach disk is fully
developed at the exit end and the tlow of compressed
foam behind is smooth with alinost no radial gradients
and very gradual axial gradients. The velocity of the
shock front can exceed the HE detonation velocity, but
kenerally a slightly under-driven situation is preferred
to avoid predetonating the HE ahead.

In designing an optimized system, balance is
achieved by adjusting the inner to outer diatmeter ratio
of the HE, the length, the density of the foam, and the
phase velocity between the detonation wave and the in-
terface. Foam density variation is often a practical de-
pree of freedom for fine adjustment. A 2D Fulerian hy-
drocode has been used to determine the parameters in
Fig. 1o, In the caleulation, the JWL, equation of state
is used for the explosive products with programmed
barn |7]. Treating the lower-density CH foam as ideal
Las with gamma of 5738, appears to e in gond apree
ent with experimental observation. A tadiopraph
showing the detonation fiont, the rellected shock, aned
the Mach hisk ean be weenin Fig, 1h, adonp wath o
code siinlation showing their agreement. In time, the
Mach disk is fully developed and travels down in phase
with the burn front. Test and caloulation with ving
it nrrangemment resultacin an obligue detanation front
but the chnracterstion of the axial shock temaine uy
changed. We have also fowned that the planag <liock
generated in the foam tavels neardy perpendiculandy

to the center line even iF the THE detoration ivonot pey



fectly symmetrical or if the foam density is not too
uniform.

Other diagnostics, which often are more intrusive
than x-ray radiography, have also been employed to
characterize the axial shock in the various FST ex-
peritnents. A Doppler-skift microwave inter{ferometer
[8] was used to measure shock velocity and symime-
try by placing a number of micro-coaxial cables (0.35-
mm-diameter) at the interface and inside the foam.
A Xcnon flasher assembly [9] placed at the end en-
abled us to measure the iinal shock planarity and
velocity with a smear camera. Single-mode quartz
fibers inserted inside the foamm provided a means for
tracking the temporal and spatial behaviors of the
shock. Attempts t- determine the shocked quartz tem-
perature using time-resolved optical radiation mea-
surement, and thus the impinging shock history by
impedance matching, appears to be more complicated.
Measurcements with the above dingnostics have yiclded
much critical information on the performence of the
EST. The 0.32-g/cc foam, which has reasonably fine
porosity and uniformity, is shocked to almos: 1.8 g/«c
and vaporizes rapidly. ‘The expanding gas from the end
of the shock tube is observed by optical shadowgraph

to be moving as fast as 30 km/n,

3. PLATE ACCELERATION

Under an applied pressure pulse, (1), o plate of
density, p, and thicknes £ will expericnce anaccelera-
pla(t). The
linal plate velocity, v, is poverned by the inpulse equa-
tion j 1'dt

syster- s have been studied to accelerate 0,05 cm thick

Lion, a(t), aceording to the telation 1'(tf)
e, whese i is mass per unit are, Two

S8 plates, The it systemn, fast slock tube withogt
Borel (FSTEN) iy confipnred, s ithestoated in Fign 24,
vy simply placimgg an S8 plate at the end ol the FST.
The second v e, fast shot tube with barel (FSTH),
whiv hincorporates acsteel bagrel with o smaller innet
diamieter oue all that ol the HEAoam interfioe and
w02 can staned oft, s shown i B 2h,

o the FSTN vatem the Madhode k pross to the
il svnehoe ked Joane diameter and arpves wt tae plate
st ltameousdy with the ddetoation freat, The plate
thas . aperences an extiemely Lot impalke bat en e

ey strong shock dowding v hvdro cadoulation -

shown in Fig. 3a and a radiograph of a 0.15-cm 8§
plate is shown in Fig. 3c. The comparison of the plate
profile shows close agreement. The plate appears tu
stay together as it travels downstream into a witness
plate. The radiograph indicates a plate velocity of only
6.2 km/s as compared to 7.4 km,'s in the calculation.
The discrepancy is attributable to the early pressure
relief as the central portion of the plate is punched out
of the periphery by the stronger Mach structure.

The severity in plate loading can be seen in Fig, 3c
where calculation =hows the initial loading rate on-axis
to exceed 8 Mbar/us before the stagnation reaches a
peak of 0.8 Mbar. Off-axis loading profile is similar
but with lower peak pressure consistent with gases es-
caping. The code uses material strength [10] but no
fracture mode] is available. It is worth mentioning
that when a more ductile but lower strength Ti(6,4)
plate of the same arcal density is accelerated, the plate
balloons nearly to a full hemisphere before bursting,.
Yxperiments with plates of higher vield strength but
lower ductility usually result in quich fragmentation,
Arvtempts to accelerate thinner S8 plates generally end
in early breakthrough at the center and result in lower
rather than higher velocity, The detail of why the 88
plate responds more favorably in this particular load-
ing environment is still being studied, We have, how-
ever, found that by doubling the lenpgth of the ST,
the profile of the projedtiles consistently appears flat-
ter even though the plate remains fragmenoed and the
velocity does not increase noticeably, 1t s elear that
we need to understand more abont the halanee be
tween the applied impulse and the dynamic material
response,

The bartel in the FSTI systemn serves to confine
the pressure hehind the plate longer and thos incpe vee
the effective impul.e. Caloulation: show that the plate
velocity rises when the wall thicknes, increanes from:
0.2 o L e, bt the length becomes unimportant of
ter a low centimeters, Fxpansion and cooling, of pases
into st standofl pap will renlt i a mote penthe stagna
tion agaitist the plate

A plate donvecalonlation ecshiown in Fig ta The
s ard concave feature vwodensand from earlier deip

experiectno to dree the plate from the bareel wali ai



to prevent the unstable radial stretching. The desired
configuration is facilitated by the early collapse of the
inner barrel corner, which causes the gas to accelerate
the periphery ol the SS plate first. In the calculation,
the shape of the plate remains stable in time and the
plate velocity quickly reaches 10 kin/s. In the calcula-
tion, the plate appears to be thinning, and apparently
with less mass than the observation. This may explain
why it is [aster. Again, gas relief around the periphery
is also a factor.

The calculated loading rate is apparently much
smaller than in the FSTN system, as can be seen in
Fig. 4c where it is reduced to about 1 Mbar/us. How-
ever, the peak pressure is increased to 1.6 Mbar due to
gas confinement. The structure in the pressure profile
is an indication of complicated flow dynamics going
on inside the stand-off channel. Many undesirable 2
prablems are created. In some experiments, we have
confirmed the calculated velocity and pressure profiles
direetly by VISAR [11] and Fabry-Perot interferome-
try measurement. However, the optical tracking time
is limited by the opacity of expanding 1 products,
We lave alvo tound that the rellectivity of a highly
shockhed surlace can be abruptly modified.

Fxperiments with larger barrel 1D or with differ-
ent plate materials all tend to end in carly fragmenta.
tion. The only exception is a layered sapphire-Ti plate,
which we have successfully acceleratod to 11 kmi/s be-
fore fracturing, while the debris stays inoa plane and
travels downstream with very small divergence. Iwill
he interesting to find out if o high sound speed bufler
material can be effectively used to help mitigate the
impact of shock loading.  Several experiments were
petloned on oo peometrically scaled-up system with
14.5 cmoonter HE diameter, 2.5 comoanner barrel di
wineter, awd Q8% cm s tandofl, Unider acceleration, o
4 man thick 88 plave s fragmented into big ook at
avelodity of K00 ks A expected, the uneertainties
are primanly due to our inability (o handle the o

flow propetly inzde the sealed-yp channel.

4. Conelusions
We have ~uccesaully accelerated o thin 88 plate
to 't hin = with asanple phase detonated FST ayatem,

Thies sueces e pade possible by making sure (4) that

the Mach disk at the output end of the phased implo-
sion is fully developed, (b) that the propellant flow is
kept planar in as large an impaucted plate area as possi-
ble, and (c) that the periphery of the plate is separated
from the wall carly. In principle, higher plate velocity
can be achieved with higher phase detonation velocity
device. In practice, we have learned that arcelerat-
ing the plate under intense impulse is very challeng-
ing. We nced to understand more about the details
of high-pressure hydrodynamics and dynamic material

response before significant progress is possible.
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Fig. 1. (a) Simple FST configuration and (b) overlay

of calculated and radiographic wave fronts in foam and

HE

Fig. 2. Configuration of plate accelerators. (a) FSTN,
accelerator without barrel, (b) FSTW, accclerator
with barrel.

Fig. 3. (a) Overlay of FSTN sewup and dynamic cal-
culation, (b) radiograph of SS plate at 4 us apart, and
(c) calculated pressure profiie.

I'ig. 4. Overlay of FSTW setup and dynamic <alcu-
lation, (b) radiograph of 8§ plate at 4 us apart, and
(c) calculated pressure profile.
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FIGURF 1
(a) Simple EST configuration and (b) overlay of calculated and radiographic
wave fronts in foam and HE
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FIGURE 2
Configuration of plate accelerators. (a) FSTN, accelerator without barrel, (hy
EFSTW, accelerator with barrel.
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FIGURE 3
(a) Overlay of FSTN setup and dynamic calculation, (b) radiograph of §§
plate at 4 s apant, and (¢) Calculated pressure profile.
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FIGURE 4
(a) Overlay of FSTW setup and dynamic calculation, (b) radiograph of 85
plate at 4 ps apart, and (c) Calculated pressure profile.



